Hirschsprung disease (HSCR), a significant cause of constipation and bowel obstruction in neonates and children, is effectively treated only by corrective surgery. Although most patients markedly improve postoperatively, some continue to experience obstruction and require reoperation. Unfortunately, ''… once a patient with Hirschsprung disease has experienced a serious complication during the first attempt to treat the disease, the chance for that patient to experience permanent sequelae is very high'' [1] . In other words, there is virtually one chance to ensure a good outcome for HSCR patients undergoing surgical therapy.
The causes suspected to result in a poor outcome following primary surgical pull-through are not fully established, but several studies have identified the socalled transition zone as the culprit. This is an abnormally innervated segment, interposed between aganglionic bowel and normal colon, in a portion of the bowel that remains dysfunctional following primary pull-through surgery. Definitive proof that the use of transition zone tissue in primary pull-through procedures results in poor outcomes may never be achieved, but the inference that abnormally innervated bowel correlates with poor outcomes is difficult to ignore, leading to the conclusion that incorporating normally innervated bowel into the new rectum should be the goal of primary surgery to correct HSCR.
However, the transition zone is not a well-defined histological entity. Abnormalities in ganglion cell number and nerve size and number are two features suggested to identify the transition zone and to distinguish it from normally innervated bowel [2, 3] . Other features have been suggested, but a comprehensive evaluation of multiple findings that might define the transition zone in HSCR has not been performed.
In this issue of the journal, Kapur and Kennedy [4] provide a detailed evaluation, including mapping, of six features suggested to define the transition zone; four involve ganglion cells and two involve nerves. Specimens of rectum, including the anorectal junction, obtained at autopsy were used as controls ( Fig. 1 ). Limitations of the study are the small number of samples in each group and the exclusive use of transition zone specimens obtained from patients with short-segment (classic variant) HSCR who were younger than 6 months of age at surgery. The methods used to obtain the data were labor-intensive and not suited to daily practice, and although some features are likely to be easily recognized, other features may be difficult to evaluate because the differences versus normal specimens are expressed as percentages and appear to be small for some features. Nevertheless, this unique study offers findings of interest to all pathologists who evaluate specimens, especially intraoperative consultations, for HSCR. Some of the most important findings are as follows.
1. Normal rectum (specimens measured up to 7 cm from the anorectal junction) shows features that may identify the transition zone. The difference between normal rectum and transition zone tissue is quantitative and not qualitative, ie, the shared features are more prominent in transition zones. This criterion is important for the proper interpretation of suction rectal biopsy specimens. For example, extrinsic (identified by Glut-1+ perineuria) or large-caliber (40 mm in diameter) nerves may be found in normal rectum but are confined to the terminal 3-4 cm. 2. Since most features are confined to the distal rectum, the presence of those features in bowel proximal to the rectum may indicate truly abnormal innervation. 3. Uncommonly, a small portion (one eighth) of the circumference of the rectum may be devoid of submucosal (but not myenteric) ganglion cells. Therefore, suction biopsy procedures to identify ganglion cells should be obtained from at least two different areas of the circumference of the rectum. 4. The length of the transition zone (resections measured 2-12 cm in length) varies depending on which features are included in the definition. For example, giant submucosal ganglia containing 8 ganglion cells are found at the proximal margin of resection of some transition zone tissue. 5. Most evaluated features are found in transition zone tissue within 5 cm of the aganglionic bowel. Therefore, it may be advisable to incorporate bowel at that level, or higher in some cases, into the pull-through because of potential differences in lengths measured in vivo compared to those of a resected specimen.
Pediatric and Developmental Pathology 16, 235-236, 2013 DOI: 10.2350/13-06-1349-ED.1 ª 2013 Society for Pediatric Pathology 6. Intraoperative frozen sections of bowel to identify normal bowel should include evaluation for several features reported in this study, specifically nerve size and density, partial circumferential aganglionosis, and severe hypoganglionosis, which are mostly confined to the distal transition zone. The intraoperative evaluation is best made on a ''donut,'' ie, a transmural section of the complete circumference of the bowel wall, because some features are more easily recognized in the submucosa than in the myenteric plexus. 7. The entire length of the transition zone following resection should be evaluated, because giant ganglia and ectopic ganglion cells may be absent from the distal transition zone and may be discontinuous along the length of the resection.
The authors report good function in 12 of the 14 patients for whom follow-up information, ranging from 3.5 months to 4 years after surgery, is available. One patient experienced enterocolitis in the early postoperative period, apparently followed by good function 1 year after surgery; giant submucosal ganglia were found at the proximal margin of resection of that patient's transition zone. Another patient was reported to have mild constipation with possible overflow incontinence at 4 years after surgery; ectopic ganglia were not evaluated in the transition zone specimen from that patient, but the other features were not found at the proximal margin. One of the transition zone specimens studied measured only 2 cm long, and 5 of the 7 features evaluated in that specimen were present at the proximal margin of resection; the patient was reported to have good function with daily use of stool softeners 3.5 years after surgery.
This study provides a wealth of new information about transition zone pathology that has many research and clinical implications. It also provides an important component of the ''… multi-institutional study with longterm patient follow-up'' [4] called for by the authors. All pathologists who make decisions concerning the diagnosis and care of patients with HSCR are encouraged to read this important paper and to consider these findings during their evaluation of HSCR specimens. 
